Cloud computing promises efficient use of hardware resources through virtualization and elastic computing facilities. Various cloud computing solutions have emerged on the market from open-source communities and commercial vendors. In this paper we discuss criteria for feature comparison of private cloud platforms and compare several open-source and commercial products. We test performance of hypervisors used in these clouds with a set of benchmark suites containing tests for various aspects of the system. We discuss the results in the context of what is commonly described as a scientific workload. The described feature and performance differences can help make wiser platform choices.
Introduction
Cloud computing is a combination of technologies for resource management and provisioning with the goals of achieving cost control, elasticity, ease of use and mass deployment. In the wake of the cloud trend, numerous open-source and commercial cloud products have emerged. In this work, we focus on private-cloud infrastructureas-a-service (IaaS) products, and present a comparison of features and performance of open-source and commercial solutions. We look at private clouds as primary platforms in scientific environments, with full local control over the platform. Open-source solutions are often the first choice in scientific environments for their lower initial investments and support for scientific libraries and tools, as well as openness to customizations. Aggressive pricing and licensing options from vendors of commercial products leads us to expect a variety of cloud environments managing mixed virtualizations in the future. Previous performance comparisons of cloud services for scientific computing focused on open-source and modified open-source solutions [1] . In this paper, we compare performance of open-source and commercial hypervisors, the key elements and enablers of cloud platforms.
The rest of this paper is organized as follows. Sections 2 and 3 describe select opensource and commercial cloud platforms, respectively. Section 4 describes the evaluation criteria used to compare product features and presents the comparison results. Section 5 compares the performance of open-source and commercial hypervisors, and Section 6 concludes the paper and discusses the future work in this area.
Open-Source Cloud Platforms
Open-source cloud platforms employ open-source hypervisors (KVM and Xen), but some of them also support commercial/closed hypervisors with exposed interfaces (VMware). Cloud platforms combine various tools of the underlying OS and virtualization layer with their own components in a more or less seamless cloud interface.
Eucalyptus Community Cloud. Eucalyptus is one of the most adopted cloud computing architectures, with open-source (Community Cloud) and commercial versions (Enterprise Edition). ECC is a flexible and highly modular system with components exposed in the form of web services interoperable with the Amazon AWS API which allows seamless integration with existing Amazon public cloud services. ECC currently supports Xen and KVM virtualizations and can be deployed on all major Linux distributions (Ubuntu, CentOS, Debian, RHEL, openSUSE, SLES etc.).
OpenNebula. OpenNebula is a management toolkit for private and public clouds, which orchestrates existing systems and services, relying on Linux and external products for virtualization, network, storage or security technologies. Infrastructure abstraction and modular approach support standardization and interoperability with most common virtualizations (Xen, VMware, and KVM), interfaces (Amazon AWS, VMware vCloud, and OGF OCCI), and APIs. Its features include secure management of virtual images, machines, networks and storage, authentication, multi-tenancy, quota management, and cloud-bursting with Amazon EC2.
Commercial Cloud Platforms
We have chosen the following commercial platforms for this discussion: VMware's (ESXi hypervisor), Microsoft's (Hyper-V hypervisor), and Citrix's (XenServer hypervisor, a modified version of the open-source product Xen). These hypervisors are a basis for other commercial offerings, especially those coming from OEMs 1 , and benchmark results also apply for those products.
VMware vCloud. VMware's offering is the oldest and the most feature-complete, relying on the popularity and proven track record of its virtualization products (ESXi, vSphere). On top of the virtualization platform, a comprehensive management platform was built and subsequently extended for use in cloud-like environments with the vCloud Director product. Though VMware's offer is truly complete, it is also somewhat fragmented, with services such as security management (vShield), billing
